In this research, the level of the heavy metal antimony (Sb) was assessed in seven PETE-bottled water brands, representing major producing firms in Jeddah city. On the same day samples brought from local superstores, each sample underwent 4-replicate analysis (as time-zero Sb level). Soon after analysis, bottles of each brand were tightly closed, divided into three subsets, stored for 2 months (23°C, 5°C, 50°C, respectively), then re-analyzed. ICP-OES was used for analysis. Sb ranged from 0.100 (time-zero) to 1.664-µg l-1. Compared with time-zero level, significant (p ≤ 0.05) effects of temperature on Sb level were observed. Reactivity to elevated temperature indicated a significant variation between some brands at 50° C. Although the outcomes of this study indicate that Sb levels increase with elevated temperature, such levels are well below the international MCLs, and are unlikely to exceed them under the standard storage conditions.
Introduction
Contamination of the environment with heavy metals has become a great concern due to the serious effects it poses on human health. Some heavy metals, such as lead (Pb), cadmium (Cd), tin (Sn), antimony (Sb), etc., are still being used as thermal or UV stabilizers, fillers, flame retardants, colorants, or catalysts in plastics' industry, in the form of their organometallic or inorganic compounds (Hahladakis et al., 2017) . Toxic organic and inorganic additives were found to leach from packaging plastics, under various conditions (Guart et al., 2011; Isama et al., 2011) . These leachables may include heavy metals, bisphenol A (BPA) and other alkyl phenols, such as 4-nonylphenol, as well as adipates, and phthalates (Muhamad et al., 2011; Keresztes, et al., 2013; Bach et al., 2013; Santana et al. 2014) . Many of these agents pose health risks to humans (Halden, 2010) , and some have been proved to be xenoestrogens or endocrine disruptors (Kawamura, 2010; Sax, 2010; North and Halden, 2013; Wagner et al., 2013) .
In the form of its trioxide or triacetate, Sb is used worldwide as an initiator or catalyst in PETE manufacturing (Shotyk and Krachler, 2007; Takahashi et al., 2008) . Germanium oxide and titanium compounds are also used for this purpose, but Sb has become the catalyst of choice because it produces a bright and shiny polymer (Haldimann et al. 2013) . PETE has become a ubiquitous plastic, being used extensively to fabricate clear and transparent plastic containers (colored and uncolored) to package drinking water, beverages, various food products and pharmaceuticals. A number of researchers have proved that PETE is not an exception, with regard to the chemical migration phenomenon known in plastics. Several scientists (Greifenstein et al., 2013; Sánchez-Martínez et al., 2013; Welle and Franz, 2011) confirmed contamination of PETE-packaged foodstuffs and soft drinks with leaching Sb. Hoppe et al. (2017) confirmed the leachability of oligomers from PETE that, according to their findings, have originated from the polymeric material. Phthalate esters, used as plasticizers, where found by Keresztes et al. (2013) to migrate from PETE containers into packaged water.
Bottled water has grown to a multimillion dollar industry worldwide. Saudi Arabia ranks 13 among the 71 countries reported to have a high per capita consumption of bottled water (Al-Saleh, et al., 2011) , with PETE being used predominantly to package and market this type of drinking water. Boosted by the rapid increase in population and hot weather, the demand for bottled water in the Saudi Arabian market has risen remarkably and is expected to rise even more in the next few years. The fact that tap water is still widely perceived as impure and unhealthy for drinking, is a major factor behind consumers' growing preference for bottled water (Al-Sulaiman, 2015) .
The present work focuses the levels of contamination with Sb in locally PETE-bottled water, the effects of temperature on these levels, and whether these levels are in compliance with the international guideline limits set for the MCLs of this heavy metal in this type of drinking water.
Material and Analytical Method
PETE-based bottled drinking water was used in this study. Seven fresh samples, representing major bottled-water brands, widely marketed in the vast residential area of Jeddah city, as well as its outskirts, were selected randomly under similar conditions, on the same day, from major superstores. Production date of these brands was almost the same, and each brand's expiry date was set at one year. The water bottles were of similar shape and volume (0.25 l). The plastic material was identified as PETE by the global resin identification number seen inside the recycling triangle on the bottom surface of each bottle. Collectively, a total of 21 water bottles were used in this study.
The Sb content was determined, within 2-6 h of samples' purchase, according to the following protocol: on the day samples were procured, analysis of all brands for Sb was performed and regarded as time-zero concentration. The same three bottles for each of the seven brands, used for time-zero analysis, were subjected to three different treatment conditions, starting from the same day of time-zero analysis, dividing each the 3 brand bottles into three subsets, one bottle each. The bottles were sealed and stored; one bottle under room temperature (23°C), the other at 5°C (in the fridge) and the third at 50°C (in the incubator). Bottles under these treatment conditions continued for two months. Any sort of contamination or damage during the experiment and analytical procedure was strictly avoided.
Deionized water (Millipore, Molsheim, France) was used to prepare dilute concentrated nitric acid (37%; BDH Chemicals Ltd.), calibration blanks and Sb standards from the stock solution (Inorganic Ventures Company, USA). Concentrated nitric acid was added (by 2%) to the blanks and samples and allowed to equilibrate at room temperature for 2 hrs. Reagents used were of analytical grade. Glassware (volumetric and conical flasks, pipettes) used were treated by dilute (1:1) nitric acid and then rinsed with deionized water before use.
Following well hand shaking to homogenize each sample, measurement of total soluble Sb was conducted using Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES) -Varian Inc., USA. Four replicates of 10-mL aliquot from blanks and each brand were sampled for each Sb analysis.
Statistical Analysis
Two-way analysis of variance (ANOVA) was used to test the data obtained for the seven brands stored under each treatment condition, in comparison with timezero Sb level. A general linear model (GLM) procedure was applied, using Proc GLM of SAS v.9.2 (SAS Institute Inc., 2008). Table 1 presents the outcomes of analyzed data generated from Sb analysis of the samples. The mean level (of four replicates) of each brand bottled-water under each treatment condition is shown, as well as the means for the seven brands together, under each treatment condition, including time-zero level. Comparison between mean values within the same treatment condition showed no significant difference between the brands under conditions of 23 o C and 5 o C. Brands' time-zero mean values were almost the same. However, these mean values showed a significant difference among these brands under 50 o C (as could be deduced from superscripts). That is, the first three brands (1-3) are significantly different (p0.05) from the others (4-7). Figure 1 expresses the reactivity of these brands, toward each of the applied treatment conditions, in terms of Sb levels produced by leachability of PETE.
Results and Discussion
A significant difference (p ≤ 0.05) among the Sb mean values under the four treatment conditions is clearly observed in Table 1 . The Sb mean values followed the order: time-zero < fridge < room temperature < incubator, in the range: 0.100 -1.664 µg l -1 . Figure 2 provides a clear picture of the mean Sb levels under these treatment conditions. Commercial providers of bottled drinking water and other drinks have adopted PETE to package their product. This mostly is due to the fact that PETE is considered by many to be a safe packaging polymeric material, which explains the extensive use of PETE in packaging of food products and beverages worldwide. In a previous study by Al-Khatim and Shiboob (2015) , a number of local major superstores were surveyed to check the types of plastics used to fabricate the packaging systems used by the diversified food industry. The investigation covered hundreds of different food items, including drinking water and beverages, packaged or stored in the 7 types of plastics used in this regard. Of these types, PETE was found to be the most prevalent type (43%) at present. Antimony, as a heavy metal, has been shown to be a leachable contaminant in PETEbottled water and soft drinks (Westerhoff et al., 2008; Andra et al., 2012; Payán et al., 2017) . Cheng et al. (2010) indicated that this contamination from PETE comes partially from the surface of bottles as a result of the manufacturing process, while major antimony migrates from beyond the PETE surface, depending on conditional changes. They suggested that all plastic containers should be washed during manufacturing before being filled with drinking water or food products. Based on their finding, it could be inferred that the Sb content of the water samples studied here has originated from both sources, but the temperature should be accounted for migrating Sb, which mainly have led to the significant Sb elevation observed in these samples.
According to Cheng et al. (2010) , heating and microwaving enhance antimony leaching significantly in PETE plastic bottles. The elevated temperature applied in the present study (50 o C), gave rise to significantly higher Sb level, which supports the finding of Fan et al. (2014) , although, in our view, the temperature these scientists applied (70 °C) was extreme and is not applied neither at the time of packaging nor during storage of bottled water. On the other hand, low temperature (in the fridge) is apparently effective in decelerating Sb leachability, but concentrations remain significantly higher than time-zero level. It might be perceived by many that low temperature (fridge) can suppress plastics' leachability, but the present study indicates that Sb leaching is difficult to curb, even under low temperatures.
It should be noted that the maximum contaminant level (MCL) for Sb in drinkingwater in Japan is set at 2 µg l −1 , in EU is at 5 µg l −1 , while in USA and Canada it is observed at 6 µg l −1 (Andra et al., 2012) . These MCLs are set to avoid or reduce the risk of exposure in those who consume this type of water on a regular basis. According to Sundar and Chakravarty (2010) , Sb, in its trivalent state, Sb has been shown to be more toxic than its pentavalent one, due to its high affinity for thiol (-SH) groups of the sulfur-containing amino acids cysteine and cystine that are involved in the structure of various proteinaceous biological molecules. Due to such affinity, enzyme inhibition can result, leading to impaired cellular enzymes, in particular those involved in cellular respiration and carbohydrate or protein metabolism (Beyersmann and Hartwig 2008) . The outcomes reported by Poon et al. (1998) manifested a number of histological and biochemical changes due to Sb induced toxicity. Although the Sb levels detected in the PETE-bottled water under the present study were well below the above guideline values, these levels can rise with temperature to higher levels, as indicated by these scientists.
The variation observed among some of these brands, with regard to reactivity or response of the packaging material to the conditions applied, might be attributed to a nonstandard process or to the quality of PETE raw material used for the production of the pre-form, i.e., virgin vs. polymer containing recycled PETE (Keresztes et al., 2013) .
Conclusion
The antimony (Sb) levels revealed by the present study are well below the international standards. Based on these findings, it could be indicated that PET-bottled drinking water, investigated here, must be safe for the human consumption, with regard to leachability of PET for this element. Even at elevated temperatures, as of 50°C or less, Sb is not expected to exceed the international MCL set for this heavy metal.
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